We consider in the 3-3-1 model with heavy leptons the box contributions to the mass difference in K and B neutral mesons induced by neutral (pseudo)scalars, exotic charged quarks, singly and doubly charged scalar and gauge bosons. In particular, we include the effects of a real scalar with mass near 125 GeV but with non-diagonal couplings to quarks. We show that, as in the tree level case, there are ranges of the parameters in which these contributions can be enough suppressed by negative interference among several amplitudes. Hence, in this model these ∆F = 2 processes may be dominated by the standard model contributions. In addition, our results are valid in the minimal 3-3-1 model without the sextet.
I. INTRODUCTION
Nowadays all the prediction of the Standard Model (SM) have been experimentally tested and are in agreement with the model's predictions at a given order in perturbation theory.
However, there are reasons for expecting the existence of new particles. Among others, the existence of dark matter [2] and the neutrino masses [1] need, for their implementation in any model, particles that do not belong to the degrees of freedom in the SM. These new particles, if any, can be observed by the direct search at colliders like the LHC, or by their effects on rare decays that are suppressed, by several reasons, in the SM [3] . For instance, the rare B 0 s → µ + µ − decay has been recently observed at CERN [4] with a branching ratio compatible with the SM model prediction.
Almost all the extensions of the electroweak standard model (ESM) have a rich scalar sector. Some of them introduce new quarks and/or leptons along with neutral and charged extra scalars and vector bosons. All these cases occur in models whose gauge symmetry is larger than the SM symmetries, in particular in the minimal 3-3-1 model (m331 as shorthand) [5] [6] [7] , and in the 3-3-1 model with heavy leptons (331HL) [8] . Moreover, the extra neutral vector (generically denoted by Z ′ ) and scalar bosons induce flavor changing neutral currents (FCNCs) processes at tree level which are supposed to be the dominant extra contributions (besides that of the SM). In 331 models, as in many extensions of the SM, such processes are induced by neutral (pseudo) scalars and, since the discovery of a spin-0 resonance with mass 125 GeV [9, 10] , it is mandatory to take its effects into account. The FCNC at the tree level were revisited in the context of the m331 model [11] for two reasons: Firstly, usually when considering the Z ′ phenomenology in this model, the contributions of the (pseudo)scalars are neglected [12] [13] [14] [15] [16] [17] [18] [19] [20] . Secondly, as we said before, the scalar sector of any model beyond the SM (BSM) must contain a scalar field with the mass around 125 GeV and diagonal couplings compatible, within the experimental error, with those of the ESM Higgs boson at least with the third quark generation. However, generally this ESM-like Higgs scalar also mediate FCNC at tree level and its effects have to be computed. See for instance [21] . From the experimental point of view, the CMS has reported measured of h → µτ which is 2.5σ different from zero [22] . Recall that in the ESM, FCNC processes occur only at the 1-loop level [23] .
The conclusions of Ref. [11] establish that in ∆F = 1, 2 FCNC processes, when the CP even SM-like neutral Higgs boson and one of the CP odd scalars are considered, there are positive and negative interference among these fields and the Z ′ in such a way that the previous constraints on the mass of the Z ′ boson are avoided. For instance, the measured value of strange and bottom mesons, ∆M K,B (s) , a lower limit M Z ′ > 1.8 TeV is still possible and is also compatible with the constraints coming from weak decays. Depending on the values of the unitary matrices in the neutral scalar and pseudo-scalar sectors, even lower values may be allowed.
The value of the lower limit for the Z ′ mass depends not only on the projections of the neutral scalars over the SM-like Higgs but also on the unitary matrices which rotate quarks and leptons symmetry eigenstates to the respective mass eigenstates, V U,D L,R . Numerical values for the latter matrices were obtained in [11] . This reduces the number of free parameters in the model. In fact, the only free parameters remaining are the unitary matrices that diagonalize the scalar mass matrices. These results are valid in the m331 and in 331HL models since both have the same quark content. However the scalar mass spectra are different in both models, the former needs a scalar sextet for generating the charged leptons masses, and the later one does not.
Here we will concentrate only in the 331HL model. Our results are valid in the m331 when the sextet is avoided and the charged lepton masses need the contributions of a dimension five operator built with two triplets [24] . We emphasize that the entries of the matrices V U,D L,R obtained in [11] are not unique and different solutions imply different phenomenology.
In Ref. [11] it was reasonable to consider only the tree level amplitudes because certainly these are the main extra contributions to the ∆F = 1, 2 processes in the m331 model and in addition, these amplitudes involve only the Z ′ , neutral scalars and pseudo-scalars. However, there are also 1-loop diagrams, for instance boxes and penguin, which include not only the neutral scalar and vector bosons, but all the particle spectrum of the model: exotic charged quarks, singly and double charged scalar and vector bosons. Accordingly, we have to evaluate their effects in order to see if there is, or not, some values of the parameters of the model in which the constraints on the mass of Z ′ obtained at tree level are not spoiled by 1-loop corrections. Hence, it is necessary to quantify the effects of all these particles in FCNC processes and this is the aim of the present paper. 
II. THE MODEL
In the 331HL model [8] the left-handed quark fields are chosen to form two anti-triplets
T L ∼ (3, 2/3) and the right-handed ones are in singlets:
J mR ∼ (1, −4/3), and J 3R ∼ (1, 5/3). Below we will use J 3 ≡ J. The numbers between parenthesis mean the transformation properties under SU(3) L and U(1) X , respectively. We have omitted SU(3) C factor because all quarks are triplets of SU(3) C . Lepton generations are all in triplets Ψ L = (ν ℓ ℓ E ℓ ) T L ∼ (3, 0) and right handed charged lepton fields ℓ R ∼ (1, −1) and E ℓR ∼ (1, +1). In the scalar sector we have three triplets: η = (η 0 η 
A. Yukawa interactions
The Yukawa interactions in the quark sector are given by:
where we omitted the sum in m, n = 1, 2, and α = 1, 2, 3,
, are the coupling constants whose values were obtained in Ref. [11] and are reproduced in Appendix A. The 2 × 2 matrix G ′ mn and g J are all free Yukawa couplings which determine the mass of the exotic quarks. The mass matrix of the quarks with electric charge −4/3, J 1 , J 2 , is diagonalized by an orthogonal matrix and
where θ is a new mixing angle in the model and j 1,2 are mass eigenstates.
From Eq. (1), we obtain the interactions involving quarks and charged scalars are
where Analogously, the interaction of quarks and neutral scalar can be written as
The matrices K a ,K a , a = 1, · · · , The generic vertex is written as in Fig. 3 .
In Eq. (4) we have already assumed that the ρ 0 is the neutral scalar which has the largest projection on the scalar whose mass is around 125 GeV. In Ref. [11] was shown that, if U ρ1 = 0.42, this scalar has the same couplings with the top and b-quark as in the SM.
B. Fermion-vector boson interactions
The interactions between vector bosons V 
where
and in L V we have to sum over i = 1, 2, 3; 
III. EFFECTIVE HAMILTONIAN
The new particle content in the 331HL model imply hundred of box diagrams and, at first, our main task will be to sort them in an irreducible way.
The vertices derived from Eqs. (3) and (4) are written in terms of the mass eigenstates and some matrices. We see from Figs. 1 and 2 that there is a pattern which prevails about all the interactions and can be summarize as in Fig. 3 . The K a ,K a matrices will denote the matrices given in Eqs. (A2)-(A4), and are linked with the respective charged or neutral scalar, generically denoted by S a .
The next step is to find a general expression also for quark-gauge bosons interactions.
As before, from Eq. (5) We must remark that once the scalar or gauge boson are defined, the quark in the internal lines are also fixed. For example, if
, and so on.
We are interested in the effective interactions contributing to the mass difference of the pseudoscalar mesons K and B d,s . Therefore, after obtaining the amplitudes from our four kinds of diagrams we must sum over all the matrices:
where M γ denote the box diagrams involving one photon and one Z ′ or one photon and one (pseudo)scalar. The minus sign arises from the usual relation
Before providing the results we need to clarify some assumptions. First, once we are dealing with heavy degrees of freedom, the four-momenta for all external particles can be consider to be zero [25] . Secondly, diagrams obtained by those in Figs we will anticipated a consequence for vacuum insertion and give only the terms that will not be zero.
Moreover, we will use the following notation
For the case of neutral kaons we have k = 1 and j = 2; B s are obtained when k = 2, j = 3, and B d when k = 1, j = 3. See Figs. 8 -10 for the momenta assignment.
A. Boxes with two scalar bosons
The first set of boxes are those in Fig. 8 (a), in which two charged or neutral scalars, denoted by S a S b and two quarks, denoted q i and q l , are involved. For fixed scalar indices, a, b, this large number of amplitudes are summarized as follows
where K a ,K a are the matrices related to the scalar boson We can rewrite Eq. (9) by defining
and the notation in Eq. (8) are now manifest:
where (I 
.
If in Eq. (11), S a = h 0 and S b = A 0 we have an overall minus sign. We recall that the complete amplitude for two scalars (physical or Goldstone, charged or neutral) and two quarks (known or exotic) will be obtained by summing over S a S b .
The integrals written in Eq. (12) define new Inami-Lim functions [26] and the complete results, after the integrations being performed, are presented in Appendix B.
B. Boxes with one vector boson and one (pseudo)scalar
When a vector and a scalar bosons are in the box, see Fig. 8(b) , the amplitude is written
The matrix V depends on the vector boson in the box and the integral I µν VBSa is defined according to (12) by replacing one of the scalar mass for one of the vector boson. There is a 2 factor that takes into account M VBSa = M SaVB . Again, if VB = Z ′ and S a = A 0 we have an overall minus sign. We note that there is no sum in VB and S a .
C. Boxes with two heavy vector bosons
Here for massive vector bosons we consider
The typical box is shown in Fig. 9 . For two fixed vector bosons we have (14) and again (I µν VB ) il is defined as in (12) Examples of the amplitudes in Eqs. (11), (13) and (14) are shown in the Appendix E for some selected cases.
D. Boxes with photon
The vertices in this kind of diagram are the usual ones, see 
and the indexes j, k are fixed depending of the meson considered. With the matrices in Eq. (A4) and the input parameters in (22) below, there is a negative interference between M γh and M γA , hence it is much smaller than M γZ ′ .
In the SM limit of 331HL the Z boson preserve flavors [11] . Despite this feature, we can also have a few box diagrams with scalars or Z ′ , just as the previous case. The amplitude is
with
and we are already considering the rotated diagram.
IV. MASS DIFFERENCE IN THE PSEUDOSCALAR MESONS
We assume that the boxes involving only the SM particles are well-known. Then, the main purpose of this work is to verify in which realistic scenario the extra contributions coming from the new 331HL particles fulfill the requirement
GeV,
for M = K, B d , B s , respectively. The conditions above are enough to put lower limit on the mass of the extra particles in the model. We will consider the amplitude M 0 →M 0 (where
where H ∆F =2 eff is the full effective Hamiltonian given by (7).
In order to obtain our final results we must be supported by some hints [11] and choose possible values to the remaining free parameters:
, a 7 = a 8 = a 9 = 2, m h 0 = 125 GeV,
.07 v ρ = 54 GeV, v η = 240 GeV,
where v ρ , v η are the vacuum expectation values for the scalars ρ, η, respectively, and we have assumed m j 1 ≈ m j 2 . The Appendix C introduces the constants a 7 , a 8 , a 9 from the scalar potential. U ρ(η)1 are matrix elements of the projection over the 125 GeV Higgs scalar of Reρ 0 and Reη 0 , respectively (In the case of m331 these matrices would be parametrized by general orthogonal matrices). As we said below Eq. (4), the choice of U ρ1 = 0.42 means that the ρ 0 has the largest projection on the 125 GeV SM-like Higgs.
We note that due to the relation between the mass and symmetry eigenstate of quarks
).
Hence, there is a GIM-like mechanism in that sector and, under the conditions above, these contributions are negligible so that they do not impose strong constraints on the masses of j 1 and j 2 .
The gauge boson masses depend on v χ and the scalar ones depend mainly on v χ and α, the latter one is an intermediate scale in the scalar potential. The mass dependence on these constants in the scalar sector are also presented in Appendix C. Furthermore, on the gauge bosons we have
and
. We have shown these masses as functions of v χ in Fig. 13 -Fig. 14 and, from Eq. (24), v χ must be greater than 67.3 GeV. Once we have performed the sum in Eq. (7) and put it in Eq. (21), the ∆m M could be obtained by using the matrix elements in Appendix D.
The final results are plotted in Fig. 15 -Fig. 17 . The respective upper limit in Eq. (20) to the three neutral mesons is reached, simultaneously, under the condition v χ > 820 GeV, which is depicted by the vertical red line. Converted to the masses, we have (in TeV)
The trilinear interactions in the scalar potential still depends on some constant α that we have chosen equals to 150 TeV. the trilinear interactions in the scalarpotential.
We do not have to concern about negative values in Fig. 15 , since the conditions (20) takes into account only the boxes. Our purpose is to find just an example in which the 1-loop corrections are more suppressed than the tree level amplitudes and also suppressed with respect to the 1-loop SM. However, the results are obtained using the matrices V U,D L,R from Ref. [11] , reproduced in Appendix A. These matrices are not unique and a distinct set could provide, at the same time, the correct quark masses and the CKM, which would imply another range of parameter and, finally, a different position to the vertical red line in Fig. 15 -Fig. 17 .
There are still some loop diagrams of the same order as the boxes, see Figs. 11 -12.
Nevertheless, these diagrams will be negligible and a result is presented in Appendix E 4.
V. CONCLUSIONS
Almost all the extensions of the ESM have a plenty of new free parameters. One important issue is to obtain the SU(2) ⊗ U(1) limit of a given extended model. This (trivial) limit occurs in the 3-3-1 models in the setting of infinite mass of the extra particles i.e., when |v χ | → ∞, the SU(3) L ⊗ U(1) and the SU(2) L ⊗ U(1) Y theories are equivalent. However, in Ref. [28] it was discovery another (non-trivial) SU(2) ⊗ U(1) scenario to these models in such a way that there is no dependence on the VEV v χ and the values of the v η ≈ 54 GeV and v ρ ≈ 240 GeV are fixed.
It was in this context that in Ref. [11] numerical values of the V U,D L,R matrices were obtained by fitting the quark masses and the CKM entries. As we said before they are not unique and it is possible to obtain other values for them giving the correct inputs. Hence, we would like to stress that our results depend on this non-trivial SM limit of the model and on the numerical values obtained in [11] which assume that the sextet is not important to generate the lepton masses. Some authors follow the inverse way, accepting the Z ′ mass as an input and considering experimental data, say CP violation and rare decays, in order to obtain the allowed values of the entries of V U,D L,R [14] . In Eq. (22) we have used g J = 3.07 such that m J > 1.78 TeV for the mass of the exotic quark with electric charge of 5/3|e|. Lower limit of 800 GeV for the mass of this sort of quarks is obtained by experiment [29] assuming that they decay as T → W + t and then t → W + b.
However, in the m331 and 331HL models, the J-quark decays as J → tV + , bU ++ . We note that in the former case the signature is two jets or missing energy, while in the latter case, the signature is two leptons with the same sign, U ++ → l + l ′+ . Similarly, a top quark with -4/3 decaying as T → bW − was ruled out by CDF [30] . In the present model nonetheless quarks with charge -4/3, denoted by j 1,2 , decay as j 1,2 → tU −− , bV − . In conclusion, the experimental lower limit does not apply, at least in a straightforward way, to our case.
Experimental searches for W ′ have also been performed searching for W ′ → tb → lν l bb implying that M W ′ > 1.84 TeV [31] . The singly charged extra vector field in m331 and 331HL models decays, for instance, as V − → j 1,2b . Concerning the searching for Z ′ , we note that this vector boson also has decays that are different from other models with this sort of neutral boson. Furthermore, the neutral (pseudo)scalars may interfere positively or negatively and have to be considered.
Although there are more than three hundreds of new box diagrams (with respect to their number in the SM) for meson mixing in the framework of 331HL model, we have classified them in four types. We have shown that the evaluation of these diagrams provides a powerful mechanism to test different scenarios to the free parameters of the model.
In the 331HL, there are several matrices in the flavour space. In this appendix we write them explicitly and also show the numerical values using the parameters that give the quark masses and the CKM matrix obtained in Ref. [11] .
From Eq. (1) the Yukawa interactions between quarks and charged scalar in Eq. (3) involve the matrices from (A2) to (A3). Defining
we havẽ 
0.013 −0.005 0.015 −0.534 0.234 −0.638 
In the matrices above we have used G 11 = 1.08, G 12 = 2.97,
We emphasize that these parameters, as in any model with FCNC, may be not unique and it is possible that there exist other sets of values with which the quark masses and the CKM mixing matrices are obtained.
The matrices appearing in Eq. (4) are
The matrix appearing in Eq. (6) is With this matrices the correct quark masses at the Z-pole and the CKM matrix were obtained in Ref. [11] .
Appendix B: Integrals
The integrals defined in Eq. (12) vary according the quarks and bosons in the internal lines. Thus, there are integrals with one, two and three variables.
One variable
This sort of functions will appear, for example, in diagrams with two quarks and two physical scalars.
Two variables
I µν A (x B , y C ) = d 4 k (2π) 4 k µ k ν (k 2 − m 2 A )(k 2 − m 2 B )(k 2 − m 2 C ) 2 = − ig µν 32π 2 m 2 A 1 2(y C − 1) 2 (y C − x B ) 2 (x B − 1) · y C (x B − 1) (y C − 1)(y C − x B ) − (y C + (y C − 2)x B ) ln y C + (y C − 1) 2 x 2 B ln x B , I A (x B , y C ) = d 4 k (2π) 4 1 (k 2 − m 2 A )(k 2 − m 2 B )(k 2 − m 2 C ) 2 = i 16π 2 m 4 A 1 (y C − 1) 2 (y C − x B )(x B − 1) (y 2 C − x B )(x B − 1) ln y C − (y C − 1) (y C − x B )(x B − 1) + (y C − 1)x B ln x B ,(B4)with x B = m 2 B m 2 A e y C = m 2 C m 2 A .
Three variables
Finally, we have the most general integral. As we have assumed m j 1 = m j 2 , only diagrams with usual quarks will give rise to these sort of functions. Nevertheless, the scalar functions I A (x B , x C , x D ) will be suppressed by a m i m l /m 4 331 factor, where m 331 is the typical mass of some new 331HL particles, always heavier than any SM quarks.
where we have defined
We can obtain the previous functions taking the limit lim
Appendix C: The scalar sector for the 331HL model
The most general scalar potential, invariant under CP transformations, for the scalars is:
where we have used φ 1 = χ, φ 2 = η and φ 3 = ρ, except in the trilinear term.
The mass spectra of the model has been obtained in Ref. [27] . Here we will summarized it. The doubly charged scalars ρ ++ , χ ++ are related to the mass eigenstates as follows:
and the masses are
where A = |v χ ||v η ||v ρ ||α|/ √ 2.
The singly charged scalars carrying no lepton number η + 1 , ρ + are related to the mass eigenstates as follows:
with masses
In the singly charged scalars carrying lepton number η
Finally, in the neutral CP -odd scalars we have
with the respective masses
Above, we have defined
For the CP -even scalars the mass matrix is real and symmetric and we know that it can be diagonalized by an orthogonal matrix. Therefore: X 
The matrices 
As we said in Appendix B, there are no terms proportional to I Y 1 (x i , x l , x W ) once they would be suppressed by a m i m l /m 4 331 factor, where m i , m l are the masses of the U-quarks.
Two charged gauge bosons V −
Finally, the most common expression, appearing for instance with W bosons in the framework of SM:
where V D L is given in Eq. (A8).
Penguin diagrams
We can still estimate how relevant the penguin diagrams shown in Fig. 11 are. From the matrices K D h and K D A , the diagrams with neutral scalars will be negligible, just as their box diagrams were. At first, the same could not be said in the case of the diagram in Fig. 11(a) which involve two Z ′ , once the (N D Z ′ ) ij 's are not small. To estimate it we will neglect the factors proportional to
, just as we have done throughout the paper. The remaining contributions can be written as
In (E2) we have omitted the terms that should be subtracted in the MS renormalization scheme.
Finally, for a M Z ′ of 2.4 TeV, we obtain (∆M M ) p < 10 −18 GeV for all K, B d,s mesons. . 
VB VB q i q l Figure 9 : The general diagram with vector bosons, VB.
Figure 10: The diagrams with photons (a) and scalars and (b) with Z ′ . Figure 11 : The penguin diagrams. These contributions are also negligible by (∆M M ) penguin < 10 −18 GeV. 
